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(54) Traceable well cement composition and its use 



(57) A traceable well cement composition is com- 
prised of hydraulic cement, sufficient water to form a 
pumpable slurry and a normally non-radioactive vana- 
dium compound tracer which becomes radioactive and 
emits detectible rays over a relatively short time period 
when exposed to neutrons. In cementing a zone in a 



well and subsequently detecting the subterranean loca- 
tion of the cement composition therein, the traceable 
well cement composition is introduced into the zone to 
be cemented. Neutrons are then emitted from a source 
in the well so that the tracer compound emits detectible 
rays, the rays are detected and the location of the ce- 
ment composition in the well is determined. 
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Description 

The present invention relates to an improved trace- 
able well cement composition and to a method of de- 
tecting its location after it has been introduced into a well 5 
and used for carrying out a cementing operation. 

In carrying out well completion and remedial oper- 
ations in oil, gas and water wells, hydraulic cement com- 
positions are commonly utilized. For example, hydraulic 
cement compositions are used in primary cementing op- to 
erations whereby pipe such as casing is cemented in 
the well bore. A hydraulic cement composition is 
pumped into the annular space between the walls of the 
well bore and the exterior of a pipe disposed therein. 
The cement composition is allowed to set in the annulus is 
thereby forming an annular sheath of hard substantially 
impermeable cement therein. The function of the ce- 
ment sheath is to physically support and position the 
pipe in the well bore and to bond the pipe to the walls of 
the well bore whereby the undesirable migration of fluids 20 
between zones or formations penetrated by the well 
bore is prevented. 

Remedial cementing operations (often referred to 
as squeeze cementing) generally involve the placement 
of a cement composition into cracks or openings in a 25 
pipe disposed in a well bore, in the cement sheath in the 
annulus between the pipe and the well bore and other 
similar locations. After placement, the cement compo- 
sition is allowed to set whereby the cracks or openings 
are plugged. 30 

In all of the various cementing operations utilized in 
wells, it is difficult to confirm that the cement composition 
has entered and/or filled the desired subterranean zone. 
As a result, methods of detecting the locations of well 
cement compositions after they have been introduced 35 
into well bores have heretofore been developed and 
used. Typically, a continuously radioactive tracer mate- 
rial is included in the cement composition, and after the 
placement of the treating fluid containing the radioactive 
tracer, an instrument which detects radioactivity is low- 40 
ered in the well and utilized to determine the location or 
locations of the cement composition. 

While the heretofore used methods involving radi- 
oactive tracer materials have been utilized successfully, 
the radioactive tracer materials used have had long half- 45 
lives and as a result have essentially been continuously 
radioactive. Such continuously radioactive tracer mate- 
rials are expensive and are considered hazardous 
whereby they and the fluids containing them must be 
handled and disposed of in accordance with the laws so 
and rules relating to hazardous materials. 

Thus, there is a need for improved traceable well 
cement compositions and methods of using such com- 
positions in well cementing operations and then detect- 
ing their subterranean locations , which do not involve 55 
the use of continuously radioactive tracer materials or 
other hazardous materials which must be disposed of 
in a special manner. 



2 

Summary of the Invention 

The present invention provides improved traceable 
well cement compositions and methods which meet the 
above described needs and overcome the shortcom- 
ings of the prior art. Instead of continuously radioactive 
or other hazardous tracer materials which must be han- 
dled and disposed of in a special environmentally safe 
manner, the cement compositions and methods of the 
present invention utilize non-hazardous tracer materials 
which are normally non-radioactive. That is, the normal- 
ly non-radioactive tracer materials of the present inven- 
tion become radioactive when exposed to neutrons and 
emit detectible rays over relatively short half-lives. At the 
end of the half-life time periods, the tracer materials be- 
come non-radioactive and non-hazardous. Also, be- 
cause of the short half-lives of the materials, there is no 
danger of contaminating the wells in which the materials 
are used. In accordance with another aspect of the 
present invention, a tracer material of the type described 
above which also functions to accelerate the early 
strength development of the cement composition is uti- 
lized. 

Thus, the improved well cement compositions of the 
present invention are comprised of hydraulic cement, 
sufficient water to form a pumpable slurry and a normally 
non-radioactive tracer compound which becomes radi- 
oactive and emits detectible rays over a relatively short 
time period when exposed to neutrons. In cementing ap- 
plications which require a cement composition having 
accelerated early strength development, at least a por- 
tion of the tracer material in the cement composition is 
a normally non-radioactive tracer compound of the type 
described above which also functions to accelerate the 
early strength development of the cement composition. 

The improved methods of this invention for cement- 
ing a zone in a well bore and subsequently detecting the 
subterranean location of the cement therein are basical- 
ly comprised of the steps of combining a normally non- 
radioactive tracer compound of the type described 
above with a hydraulic cement composition, introducing 
the cement composition into the subterranean zone to 
be cemented, emitting neutrons from a source thereof 
in the well whereby the tracer compound becomes ra- 
dioactive and emits detectible rays, detecting the pres- 
ence of the detectible rays and thereby determining the 
location of the cement composition in the well. 

In order that the invention may be more fully under- 
stood, reference is made to the accompanying draw- 
ings, wherein: 

FIGURE 1 is a graph showing the gamma ray en- 
ergy spectrum of a 1 6 pound per gallon cement slur- 
ry which does not include a tracer compound within 
a simulated cased well bore; and 
FIGURE 2 is a graph showing the gamma ray en- 
ergy spectrum of a 16 pound per gallon cement 
composition which includes a tracer compound of 
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this invention within a simulated cased well bore. 

The present invention provides improved traceable 
well cement compositions and methods of using the 
compositions in well cementing operations. The tracea- 
ble well cement compositions are basically comprised 
of a hydraulic cement, sufficient water to form a pumpa- 
ble slurry and a non-hazardous normally non-radioac- 
tive tracer compound which becomes radioactive and 
emits detectible rays over a relatively short time period 
when exposed to neutrons. 

The hydraulic cement can be any of the various hy- 
draulic cements, both normal particle size and ultra fine 
particle size, utilized heretofore in well cementing which 
are well known to those skilled in the art. Generally, Port- 
land cements or the equivalent are preferred and can 
be, for example, one or more of the various types iden- 
tified as API Classes A-H and J cements. These ce- 
ments are described and defined in API Specification 
For Materials And Testing For Well Cements , API Spec- 
ification 1 0A, 5th Edition dated July 1 , 1 990, of the Amer- 
ican Petroleum Institute which is incorporated herein by 
reference. API Portland cements generally have a max- 
imum particle size of about 90 microns and a specific 
surface (sometimes referred to as Blaine Fineness) of 
about 3,900 square centimeters per gram. A highly use- 
ful and effective cement slurry base for use in carrying 
out well cementing operations is comprised of API Port- 
land cement mixed with water to provide a density of 
from about 11 .3 to about 1 8.0 pounds per gallon. 

It is often highly advantageous to use a fine particle 
size hydraulic cement, particularly in remedial opera- 
tions involving squeeze cementing. Such fine particle 
size hydraulic cement generally consists of particles 
having diameters no larger than about 30 microns and 
having a Blaine Fineness no less than about 6,000 
square centimeters per gram. Fine particle size hydrau- 
lic cements and their use in well completion and reme- 
dial operations are disclosed in U.S. Patents No. 
5, 1 21 ,795 issued June 1 6, 1 992 to Ewert et al. and No. 
5,125,455 issued June 30, 1992 to Harris et al., both of 
which are incorporated herein by reference. 

The water used in well cement compositions can be 
water from any source provided that it does not contain 
an excess of compounds which adversely react with or 
otherwise effect other components in the cement com- 
position. Generally, the water is selected from the group 
consisting of fresh water, salt water, brines and seawa- 
ter and is present in the range of from about 30% to 
about 60% by weight of dry cement in the composition 
when the cement is of normal particle size. When a ce- 
ment of fine particle size as described above is used, 
water is generally present in the cement composition in 
an amount in the range of from about 100% to about 
200% by weight of dry cement in the composition. A dis- 
persing agent, such as the dispersing agent described 
in U.S. Patent No. 4,557,763 issued on December 10, 
1 985 to George et al. , can be included in the fine particle 



size cement composition to facilitate the formation of a 
slurry and prevent the premature gellation of the cement 
composition. 

As is well understood by those skilled in the art, to 
5 obtain optimum results in well cementing applications, 
a variety of additives are included in the cement com- 
positions utilized. Such additives are used to vary the 
density, increase or decrease strength, accelerate or re- 
tard the time of setting, reduce fluid loss, etc. The pre- 
ferred and most commonly utilized cement composi- 
tions for performing treatments in oil and gas wells are 
those meeting the specifications of the American Petro- 
leum Institute comprising Portland cement mixed with 
water and other additives to provide a cement compo- 
sition having properties appropriate for the conditions 
existing in each individual subterranean zone to be ce- 
mented. 

A variety of normally non-radioactive elements in 
compound form which become radioactive and emit de- 
tectible rays, e.g., gamma rays, over a relatively short 
time period when exposed to neutrons can be utilized 
in accordance with this invention. The compounds must 
be chemically compatible with the cement composition 
and the elements in the compounds must have relatively 
large neutron absorption cross-sections whereby they 
emit detectible rays having sufficient energy to reach the 
ray detector. Further, the half-lives of the activated ele- 
ments must be long enough to be detected, but not so 
long that the activity of the emitted rays is low making 
them difficult to detect. The particular tracer compound 
to be used in a well cement composition depends on the 
particular cementing application in which the cement 
composition is to be used. Generally, elements having 
relatively large neutron cross-sections and having half- 
lives in the minutes to hours range are most suitable. A 
variety of elements meet the foregoing criteria. Exam- 
ples of such elements are dysprosium (Dy), europium 
(Eu), indium (In) and vanadium (V). 

More specifically, preferred non-radioactive tracers 
comprise water insoluble vanadium compounds. Pre- 
ferred water insoluble vanadium compounds are select- 
ed from the group consisting of vanadium trioxide, va- 
nadium trisulfide, vanadium carbide, vanadium silicide, 
mixtures thereof and the like. However, it is to be under- 
stood that water soluble vanadium compounds also may 
be utilized. Such water soluble compounds are selected 
from the group consisting of vanadium pentoxide, vana- 
dium trisulfate, vanadyl sulfate, mixtures thereof and the 
like. 

In applications where it is desirable that the cement 
compositions have an accelerated early strength devel- 
opment, the tracer compound used is a compound of a 
detectible ray emitting element which also functions as 
a early strength accelerator in cement compositions. An 
example of a presently preferred tracer compound 
which accelerates early strength development in ce- 
ment compositions is vanadium pentoxide. In applica- 
tions where the quantity of the tracer compound which 
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accelerates early strength development is small as com- 
pared to the overall quantity of tracer compound re- 
quired for detection, the tracer compound can be made 
up of a small quantity of a strength accelerating tracer 
compound, e.g., vanadium pentoxide, with the remain- 
ing portion of the tracer compound being made up of a 
non-strength accelerating compound, e.g., vanadium 
carbide. Generally, the total tracer compound included 
in a cement composition is an amount in the range of 
from about 0.05% to about 5% by weight of hydraulic 
cement therein. 

Thus, a traceable well composition of this invention 
is basically comprised of hydraulic cement, sufficient 
water to form a pumpable slurry and a normally non- 
radioactive tracer compound which becomes radioac- 
tive and emits detectible rays over a relatively short time 
period when exposed to neutrons. 

A traceable well cement composition of this inven- 
tion having accelerated early strength is comprised of 
hydraulic cement, sufficient water to form a pumpable 
slurry and a normally non-radioactive tracer compound 
which accelerates the early strength development of the 
cement composition and which becomes radioactive 
over a relatively short time period when exposed to neu- 
trons whereby detectible rays are emitted. As men- 
tioned above, when the amount of strength accelerating 
tracer compound required in a particular cementing ap- 
plication is less than the total amount of tracer com- 
pound required to insure detection, the difference is 
made up by a tracer compound which does not function 
as a strength development accelerator. 

The present invention also provides improved 
methods of cementing zones in wells utilizing the non- 
hazardous hydraulic cement compositions of this inven- 
tion and subsequently detecting the subterranean loca- 
tions of the cement compositions. The methods basical- 
ly comprise the steps of combining with a well cement 
composition a normally non -radioactive tracer com- 
pound which becomes radioactive and emits detectible 
rays over a relatively short time period when exposed 
to neutrons, introducing the cement composition into a 
zone to be cemented, emitting neutrons from a source 
thereof in the well whereby the tracer compound be- 
comes radioactive and produces detectible rays and de- 
tecting the presence of the detectible rays to thereby 
determine the location of the cement composition in the 
well. 

The step of emitting neutrons in the well is accom- 
plished by lowering a neutron source through the well 
bore. The neutron source can be any unit that produces 
a neutron output in the energy range required to cause 
the activation of the tracer element in the cement com- 
position and the emission of detectible rays such as 
gamma rays over a short time period. The neutron 
source can be, for example, neutrons produced from a 
plutonium-beryllium source, an americium-beryllium 
source, a polonium-beryllium source, a spontaneous fis- 
sion neutron source such as californium 252, or gener- 



ator produced neutrons such as D-T or D-D neutrons. 

The ray detector can be any suitable radiation de- 
tector that will provide an energy spectrum of the rays 
emitted. It must have the energy resolution and detec- 

5 tion efficiency required to obtain statistically valid results 
in a reasonable time. Examples of suitable detectors for 
use with the tracer compounds mentioned above are so- 
dium iodide scintillation gamma ray detectors and ger- 
manium diode gamma ray detectors. In practice, the 

10 neutron source and ray detector are lowered in the well 
bore, such as by means of a wire line, whereby the tracer 
compound is first activated by exposure to neutrons fol- 
lowed by the detection of gamma or other detectible rays 
emitted by the tracer element. This general type of in- 

15 strument is commonly utilized in well logging operations 
and is well known to those skilled in the art. 

A particularly preferred method of the present in- 
vention is comprised of the steps of forming a traceable 
well cement composition comprising hydraulic cement, 

20 sufficient water to form a pumpable slurry and a normally 
non-radioactive tracer compound selected from the 
group consisting of vanadium pentoxide, vanadium car- 
bide and mixtures of such compounds, introducing the 
cement composition into a zone to be cemented, emit- 

25 ting neutrons from a source thereof in the well whereby 
the tracer compound becomes radioactive and emits 
detectible gamma rays and detecting the presence of 
the gamma rays and thereby determining the location 
of the cement composition in the well. 

30 in order to further illustrate the compositions and 
methods of the present invention the following example 
is given. 

Example 

35 

Tests were conducted utilizing vanadium pentoxide 
as the tracer compound in a cement composition. The 
tracer compound was activated using a 5 curie americi- 
um-beryllium (AmBe) neutron source. The gamma rays 

40 subsequently emitted were detected using a 3" x 3" so- 
dium iodide scintillation gamma ray detector. The data 
was acquired and analyzed by a 2048 channel mul- 
tichannel analyzer. 

A cased well bore configuration was simulated by a 

45 pipe within a pipe arrangement. That is, an inner pipe 
having a 4.38" I.D. x 5.0" O.D. was placed within an 
8.88" I.D. outer pipe. The annulus between the innerand 
outer pipes was first filled with a 16 pound per gallon 
cement slurry which did not contain a tracer compound. 

50 Subsequently, a 1 6 pound per gallon cement slurry con- 
taining 1% by weight of dry cement of vanadium pen- 
toxide was placed in the annulus. 

For each cement composition tested, the 5 curie 
AmBe neutron source was positioned at the center of 

55 the inner pipe for a period of 420 seconds. The neutron 
source was then removed and the sodium iodide gam- 
ma ray detector was inserted into the center of the inner 
pipe. Data was collected by the detector for a period of 
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420 seconds. 

The results of the tests using the cement composi- 
tion without a trace compound are illustrated in FIG. 1 
which is a graph of the detected gamma ray energy 
spectrum. As shown, only the 847 kilo-electron Volt 
(keV) and 1811 keV Mn-56 gamma ray energy peaks 
from neutron activation of iron in the pipe and the 1779 
keV AI-28 gamma rays from neutron activation of silicon 
in the cement are present. 

FIG. 2 shows the results when the same experiment 
was conducted with the cement slurry containing 1 % va- 
nadium pentoxide by weight of cement. The 1434 keV 
gamma ray energy peak, containing 25 net count per 
second (NCPS), resulting from the decay of V-52 that 
was created due to the V-51 (n,y) V-52 reaction is visibly 
present. The half-life of V-52 is 3.75 minutes which pro- 
vides for a reasonable neutron irradiation and gamma 
ray collection time of 7 minutes each. An irradiation time 
and a collection time of approximately two half-lives 
each allows for the most statistically meaningful data to 
be obtained when other activation products are present. 
The 1434 keV gamma ray energy of V-52 is ideal be- 
cause it falls between the 847 keV and the 1811 keV 
gamma ray energy peaks from the neutron activation of 
iron in the pipe. Those two reference peaks will always 
be present when a neutron source is used in cased 
down hole applications and can be utilized as gamma 
ray energy calibration points for the gamma ray detector. 



Claims 

1. A traceable well cement composition, which com- 
prises hydraulic cement; sufficient water to form a 
pumpable slurry; and a normally non-radioactive 
tracer which becomes radioactive and emits detect- 
ible rays over a relatively short time period when 
exposed to neutrons, wherein said tracer is a vana- 
dium compound. 

2. A composition according to claim 1, wherein said 
tracer compound is such as to accelerate the early 
strength development of said cement. 

3. A composition according to claim 1 or 2, wherein 
said tracer compound is water insoluble. 

4. A composition according to claim 1 , 2 or 3, wherein 
said tracer compound is vanadium pentoxide, va- 
nadium trisulfate, vanadyl sulfate, vanadium triox- 
ide, vanadium trisulfide, vanadium carbide or vana- 
dium silicide, or any mixture of two or more thereof. 

5. A composition according to any of claims 1 to 4, 
wherein said tracer compound is present in said 
composition in an amount of from 0.05% to 5% by 
weight of hydraulic cement therein. 



6. A composition according to any of claims 1 to 5, 
wherein said hydraulic cement is Portland cement. 

7. A composition according to any of claims 1 to 6, 
5 wherein said water is fresh water, salt water, a brine 

or seawater. 

8. A method of cementing a zone in a well utilizing a 
hydraulic cement composition and subsequently 

10 detecting the subterranean location of the cement 
composition therein, which method comprises the 
steps of: 

combining with said cement composition a nor- 
15 mally non-radioactive tracer which becomes ra- 

dioactive and emits detectible rays when ex- 
posed to neutrons, wherein said tracer is a va- 
nadium compound; 

introducing said cement composition contain- 
ing said tracer into said zone to be cemented; 
emitting neutrons from a source thereof in said 
well whereby said tracer compound becomes 
radioactive and emits detectible rays; and 
detecting the presence of said detectible rays 
and thereby determining the location of said ce- 
ment composition in said well. 

9. A method according to claim 8, wherein said ce- 
ment composition, containing said tracer is a com- 
position as claimed in any of claims 1 to 7. 
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